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Abstract

~ Japanese shipbuilding methods have
typically been applied in new ship
constructfion.  As new buildings decline
t he sh]P.repalr mar ket has become nore
conPetl ive and shipyards have started to
apply sonme of these pr|n0|ﬁles to shi
repair. Public shipyards have been the
most active in this technol ogy develoE-
ment. This paper addresses some of the
history and problens that have been
encountered at Portsnouth Naval Shipyard
in the application of zone outfitting
et hods.
I ntroduction

Interest in zone outfitting nethods

has grown as the Navy deals with reduced
budgets and increasing costs. Portsnouth
Naval Sh|p¥ard is one of several public
shipyards that has recently started to
use zone outfitting nmethods in the over-
haul environnent (specifically nuclear
submarines). In this paper we will
present our efforts in the hope that our
experiences will add to the existing

body of know edge
) “Portsmouth Naval Shipyard is |ocated
in Kittery, Mine on Seavey |sland which

is positioned on the border between Mine
and New Hanpshire. Unlike the other Navy
shipyards, Portsmouth deals exclusively
in repair, overhaul, and refueling of
submarines.  Application of zone out-
fitting nmethods to submarine work must

be integrated with stringent quality
control "and documentation requirements
tﬂat are not found in work on surface

shi ps.

~ In efforts to reduce costs in
mai ntaining and nmodernizing the fleets,
the Navy has,adoPted a series of policies
consistent with the Carlucci Initiatives
(reference 1). These are

a) | npl ement increase competition
| mpl ement economi ¢ production rates
Reduce time to procure
Red rowt h

uce apparent cost
mprove reliability through

b
c
d
e) 1 mprove

specification
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f)lnprove schedule realism
g)Provide nore apparent design-to-
cost goals

_Detailed goals and actions for
puttln?_these policies into place were
identified in a study perfornmed by
Coopers and Lybrand on contract to the
Secretary of fhe Navy.

Efforts at other shipyards

. . Wth the sta%e set by the Carlucci
Initiatives and the Coopers and Lybrand
report, public shipyards are beginning
to adopt appropriaté Japanese nethods
and new technol ogies.  Significant
anDnP these are zone management mnethods
simlar to those practiced in new
construction.

Puget Sound Naval Shlpgard in
Brenmerton, \Wshington, has been very
active in the inplenentation of zone
outfitting methods (reference 1).

I'n most of these projects, no cost
tracking was reported so benefits were
recogni zed qualitatively. However, in
one of these projects a reduction of
35% of total estimated cost and schedul e
performance | nprovement of 45 days was
quantitatively docunented.

Subsequent |y, Puget has applied
zone outfitting to the structural work
for ShipAlts on the forward end of
SSN637 class submarines. On three
submarines, traditional methods were
used and on four zone outfitting was
used. Final cost accounting reported
an average savings of about 10% in nan
hours of “which nearly half was overtine
when zone outfitting was applied.

~_ Technol ogy transfer has not been
[imted to just zone outfitting methods.
Pear| Harbor Naval Shleard has begun a
Pro?ran1they call Total Quality Mnage-
menf (referénce 2). This programis
dedicated to constant process’inprove-
ment and, thereby, quality inprovenent.
Zone outfitting and work Packaglng are
parts of this hore general managenent
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ﬂgilosophy. As did Puget Sound, Pearl
rbor 'has reported significant inprove-
ments in work performance on submarine
noder ni zation projects.

_ Phi | adel phia Naval Shipyard has
retai ned consultants from Ishikawaji ma-
hari ma FbaVY.Industrles to help aEBIy
zone outfitiing methods to the SL
(Service Life Extension Programj of the
USS Kitty Hawk. Although no papers have
been published regarding these efforts,
review of docunenfation provided to us
shows that there is a high degree of
schedul e and resource visibility. The
resulting control of the project will
undoubtedly inprove the overhaul
per f or mance.

Efforts at Portsmouth

~I'n Novenber 1985, Portsnouth Naval
Shi pyard managenent established the
Adhot Conmittee on Wrk Packaging to
investigate nethods to increaSe produc-
tivity through inproved work instructions
and better neans of providing nmechanics
resources they need. The Major conclu-
sions fromtheir investigation were that
S|ﬁn|f|cant i mprovenents in cost and
Sc edul e performance could be realized
y

| . Devel oping detailed sequencing of
work by geographlc zone on theé ship.

2.Gouping like work by zone in a set
of work instructions,

3.Providing self-contained work
instructions that cover events in a
1 to 3 week tine horizon while
mnimzing support from assist trades

4. Palletizing material to support the
work instructions and schedul e.

] Since these flndln%% Were consi stent
with concepts from the National Ship-
bui I ding Research Program (NSRP), transfer
of these technol ogi es became the commit-
tee's recomendation. Subsequent to the
conm ttee presenting it's findings, an
assistant to the Planning Officer was
assigned to facilitate inplenentation.

Hs task was to identify pilot progect
opportunities and deternine to wha

extent Portsmouth managenent shoul d
attenpt to inplement the commttee's
recomrendations. The intent has been

to gain experience with the technol ogies
and managenent apﬁroaches and to best
deterniné the path for transition.

Zone Qutfitting on the USS Kanehameha

The overhaul of the USS Kanehaneha
was selected as the first opportunity to
try zone outfitting concepts. The pilot.
project in this case was linited to
sequencing component rip-out and rejn-
stallation by zone. The ship was divid-
ed into geographic zones associated with
comon _access cuts.  Ship-checking of the
areas identified major interferences in

the rip-out paths in those zones and
these were considered in deternlnlng

ri p-out sequences. A strategy was devel -
oped for the rip-out sequencé and a
schedul e was then created to contro
events and measure progress.

The project Mnagenent Team reported
that the rip-out and Ffeinstallation went
snoot her than on previous overhaul s.
Trade tasks were better integrated with
| ess |ost tine, nannln?_leve S were
| ower than normal practice, and schedul ed
conpl etion dates were met. Thls_approach
to organizing work was expanded in the
next pilot project on the overhaul of the
USS Bl uefi'sh.

Zone Qutfitting on the USS Bl uefish

Portsmouth devel oped a PIlOI proj ect
on the overhaul of the USS Bl uefish.
The intention of this pilot PrOjeCt has
been to explore the technical, mnagenent,
and organi zational issues involved in
evolving from a systemoriented philo-
sophy to a zone-ofiented approach to
overhaul  work.

Applying zone concepts to repair
and overhaul “and invol ved the fol I ow ng:

a)Division of the ship into geographic
work zones . )

b)Division of the overhaul period into
work stages . .

c)Detail ed sequencing of work in the
zones

d) Scheduling of the work by zone

consi dering manpower resources and
work space” constraints

The above efforts have been
supported by:

a)providing detailed work instructions
(Unit Work Procedures) such that no
reference materials wll be required
by the nechanics )

b)pal letizing of material for nechan-
Ics based on Unit Work Procedures

c)participation of production person-
nel in the planning process

The pilot project has included all
the authorized work within the zones
shown in figure 1. The primary work
has been ShlpAIRK£§h|p alteration) 1929

K), CCS W 01 0 installation, an
upgrading of the torPedo fire contro
system ~Work from other ShipAt's and
regular overhaul work requirements in
the scope of zone planning.

The original zones were defined
as:

attack center

zone 102- control room aft end

zone 103- central conputer conplex
zone 104- Passa e

zone 304- torpedo room forward center

zone 101-
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figure 3 . Diagram of Unit Wrk Procedure Devel opnent

~ Wrk stages were defined as shown
infigure 2:

A- fabrication

B - rip-out

C- repair ] ]

D - Prellnlnary installation

E- final instal]ation ]

F - systens testing and conpletion

~The nethods described above were
applied to the structural and electri-
cal work. Unit work procedures were
not generated for mechanical,  piping,
and ventilation. However, this wor
was included in work sequencing and
schedul i ng.

Prior to the start of the overhaul
the decision was nmade to expand the
project to include the operations
conpartment. This work involved exten-
sive cabling nodifications in zone 105,
the sonar room and zone 107, the radio
room

Maj or work included in the project
was_to upgrade sonar, radio, and navi-
gation equipnent in addition to up%rad-
Ing of the fire control systens. This
required extensive structural, as well
as cabling nodification. Changes were
also required in several
Al of these activities had an inpact
on insulation and painting.

~ Testing requires system orienta-
tion, that 1's, tests are_conducted as
systens are conpleted. Testing of
sxstens in the zones was not part _of
the pilot project, but was taken into
account in the schedullng. System
conpl etion dates to support the inte-
grated test schedule were taken as
zone conpletion mlestones

pi pi ng systens.
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Unit Work Procedures

Unit Work Procedures weredevel oped
for this prakect simlar in format and
content to what was done at Puget Sound
Naval Shipyard and discussed in refer-
ence 1. is process involves convert-
ing information that was presented by
systeminto a package that presents it
organi zed according to the ship's geo-
graphic zones and consistent wth pro-
cess sequences (figure 3).

. Each package contained the infor-
tion that a nechanic needed to per-
form the schedul ed task. s inciuges
isometric diagrams of the conponents to
be removed or installed, detalled work
nstructions, safety information, and
a list of required material.

oS

] The Unit Wrk Procedures also pro-
vided the necessary signature documen-
tation for verification of work conple-
tion, work quality control, and account-
ability, Al of this information is
critical to |nsur[n? the safety of the
submarine and satisfying the quality
control audit requirenents.

CAD nodeling and use of a database
ogram have been transition planning
forts.  CAD nodeling of structural
work was used to provide graphics for
Unit Work Procedures in the same way as
has been done at Puget Sound Naval
Shipyard and docunmented in reference 2.
However, what proved to be equally, use-
ful in the group|ng of work was using a
comrerci al database program on a per-
sonal conputer. Using an appropriate
coding schene, the dafabase program
allowed retrieval of information to form
work packages and identify simlar work
to be performed in a zone. This was
used extensively for electrical work
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pulied trom) (by sleovesize] (hy oquipment)
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Fabcabie Fab cable Hordwere
tags g?d equipment
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Cut cables |
(by cable type) A21 D41 . D44
Connectorize ::::: Pulin | i Connectorize
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ey pulled frem) (by cquipment)
figure 4 - Organization of Unit Wrk Procedure
Information to Facilitate Use of Goup
Technology in Electric Cable Fabrication/
Install alion Process
In devel oping the PC coding schene gr oupi ng and,sequencinﬁ work. The neet-
for effective retrieval of information, ings were chaired by the zone manager
processes were defined and a coding Deliverabl es from these neetings were
system was established to identify integrated work sequences for the zones.
interim products. The database coul d o
be sorted for selected features to Anot her responsibility of the core

facilitate application of
nol ogy and devel opnent of
Procédures.

ELpup tech-
it Wrk
This is shown in figure 4.

Organi zational correl ates

Zone outfitting is a managenent
technol ogy relying as much on who does
the ﬁlannlng schedul ing, and contro
as the actual tool's for organizing the
work. = The intent of breaking the ship
down into zones is to reduce the man-
agenent tasks in size by being product-
oriented rather than by system  This
allows the zone manager to integrate
and control predecessor/successor
events and resource allocation. In
this case the resources are manpower,
material, and cal endar tine.

The Bluefish pilot project used
two organizational concepts to support
zone nethods. The first involved
de5|gnat|n?,a Zone Manager whose re-
SﬁOﬂSIbIlI ies were to direct work in
the zones and integrate trade efforts.

The second was creating a Zone
Planning Team Core nenberS were.
representatives from Design Division
and production shop personnel. Repre-
sentatives fromthe Planning and
Estimting departnent, sche ulln%
combat systens, and additional shop
personnel” were added as needed.

The Zone Plannin? Team gathered in
a series of neetings Tor the purpose of

Zone Planning Team was to ‘participate in
the CAD nodeling efforts and the devel -
ORnent of the Unit Wrk Procedures.
These tasks represented near full-time
assignments for the shop personnel

i nvol'ved.

Lessons | earned

Al though the Fro;ect is still in
rogress, several lessons have been
earned that are worthy of sharing. The
proj ect 5|%n|f|cantly eviated from the
normal methods of planning work and
managi ng execution. Consequently the
project could not be fully integrated
Into the Shipyard "systen. The con-.
fusion this would cause during execution
was not fully anticipated and has de-
tracted from the successes achieved.

) The Unit Work Procedures provided
instructions to mechanics but did not

epl ace the traditionally prepared Key
Ops in the managenent system  This
approach caused extra work for forenen
in reporting costs and B&ggress as wel |
as preventing accurate cost tracking.

Since the s did not replace key ops
they did_not ful!y address trade Tequire-
menfs. This linmted their useful ness
as a manpower planning tool. In the
next £r0]ect, s will be fully inte-
grated.

Al'though material lists were in-

the material was not

cluded on S,
i nk

linked with ordering nunbers in the



Shipyard MS. This, also, caused con-
siderabl e confusion and extra work.
This will be corrected in the next
proj ect.

~ The zone manager, by virtue of his
position outside the traditional Ship-
yard [p,rOJ ect managenent structure and
wWith [imted control over resources,
had difficulty performng the trade
integration function. s role was
further weakened when schedulers with
systens_ background had difficulty
devel opi ng zone schedul es that inte-
?rated all work. The credibility of
he zone manager, however, has signifi-
cantly inproved since the early stages
of the project with apparent corres-
pondi ng work efficiency inprovenents.

The use of a relational data base
manager for grouping like work and
providing input to work instructions
when graphics is not required has proven
succeSsful as a work managenent tool
during execution of this work.

The mixing of engineering and
production personnel in the zone
pl anning team has proven to _be an .
education to both groups. They enjoyed
| earning fromeach other. Some engin-
eers have commented that this approach
is their first realization that engin-
eering should be concerned with execu-
tion cost effectiveness. A large scale
and continuous sharing of know edge
bet ween these groups has apparent ~poten-
tial to significantly inprove shipyard
per f or mance.

The Depot Mbderni zation Period

Portsmouth Naval Shi p?/ard is
schedul ed to perform one of the first
Depot Mbderni zations of a 688 class
attack submarine. The phil OSBBP) ~of the
Depot Mbderni zation Period (DWP)iS to
reduce maintenance costs by g,m ng from
time-based repairs and upgra i ng " of
systems to condition-based, fix-only-
at-is-broken, repairs. and. upgradl n?
of systenms. The objective is to perform
upgrading of systems within a rigid time
frame and with” a nmininum of disruptive
energent work.

Portsmouth Managenment recogni zes
that such a concept is very different
from past work that has been perforned
at the yard. Consequently, they recog-
nize that a unique project managenent
approach nust be devel oped.  Such
management concepts require decentral -
i zation of decision nmaking and rapid
response to problens since no schedul e
slippage can be all owed.

~ Plans for the first DWP involve
using a zone identification code with
the cost collecting nunbers ﬁKey Ops) .
This will allow collection of wiork
content information by zone. This

information can then be used to create
Z]QPE tschedul es that integrate trade
efforts.

Part of the managenent aPproach on
latter DMVP's will be to nore fully in-
corporate zone outfitting concepts.
Al'though it has not been” decided when a
fully devel oped zone managenent organi -
zation will be used, pilot projects are
being defined in areas of greatest
potential benefit. These projects wll
rovide additional experience to
DN%‘llltate i mpl enentation on foll ow ng
S.

] In particular, work to be perforned
in the after end of the engine room and
the associated main ballast tanks is
being considered as a zone technol ogy
projéct. The scope of this application
would include all shipalt and repair
work. Unit Work Procedures would be
devel oped and a nore flexible scheduling
sx,st emsimlar to that used at Philadel-
phia Naval Shipyard would be used to
control  work.

Concl usi on

As a result of our pilot projects
at Portsnmouth, we have concluded that
zone outfitting methods can be effective
in inproving performance on_subnarine.
overhaul and repair work. The Shlphlard
will continue to inplenent zone nethods
on a selective basis. It is likely to
continue to be refined and expanded in
areas where it has the greatest potential
benefit. However, factors unique to the
nature of Portsmouth Naval Shipyard's
work may prevent realization of-the full
potential i nP.r overrents from shi pyard-
wi de application of zone technol ogy.
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